ndothelium exerts diverse effects within the vessel wall and on nearby target cells. 1 Through these effects, endothelial cells inhibit vascular tone and vascular growth and protect against thrombosis and progression of atherosclerosis, as well as increases in blood pressure. 1, 2 Much of the influence of endothelium on other cells is mediated by intercellular signals carried by diffusible factors. Of these endothelium-derived signals, NO produced by the endothelial form of NO synthase (eNOS) plays a particularly prominent role in both large and small blood vessels in diverse experimental models and normal humans. 1, [3] [4] [5] Impairment of eNOSdriven signaling underlies vascular dysfunction in a broad spectrum of diseases and is a risk factor for cardiovascular events and stroke. 1, 2 The function of eNOS is regulated at many levels, including expression of mRNA and protein, posttranslational modifications, subcellular trafficking, substrate and cofactor availability, and associations with other protein regulators, as well as interactions of NO with superoxide. 1, 6 A key set of mechanisms that regulate activity of eNOS involves reversible phosphorylation of specific amino acid residues (mainly serine, threonine, and tyrosine residues), resulting in increases or decreases in eNOS activity. Kinase-dependent phosphorylation and phosphatase-mediated dephosphorylation of these residues are common elements of cell signaling in general. Within the eNOS molecule, there are multiple phosphorylation sites, including Ser 116 (Ser 114 and 116 in human and bovine eNOS, respectively) in the oxygenase domain of the enzyme. Phosphorylation of Ser 116 inhibits activity of eNOS, whereas dephosphorylation of the same residue increases activity (Figure) . 7 A major posttranslational modification of eNOS involves proline-directed protein kinases that recognize and phosphorylate a Ser/Thr-Pro motif (Figure) . 8 Proline has unique stereochemistry where it can exist in cis or trans conformations. The conversion between these 2 conformations is catalyzed by peptidyl-prolyl cis/trans isomerases, which may act as a "molecular switch," where enzymatic activity is conformation specific (ie, transϭon, cisϭoff). While in the "on" state, local structural changes may occur and allow other posttranslational modifications to further affect enzyme activity. Pin1 is a prolyl-peptidyl cis/trans isomerase that regulates the dephosphorylation of proteins through isomerization of peptide bonds that link phosphoserine or phosphothreonine to proline. 8 The results of this interaction are phosphorylation-dependent conformation changes. In relation to eNOS specifically, a very recent study provided evidence that Pin1 binds with and regulates activity of eNOS through site-specific phosphorylation of Ser 116, 7 resulting in changes to both basal and agonist-induced NO production ( Figure) . These conclusions were based on pharmacological and molecular approaches using cultured endothelium and isolated aorta.
In this issue of Hypertension, Chiasson et al 9 interrogate this concept further, while adding new approaches. Using a series of complementary methods, they studied endothelium and aorta in culture and performed experiments designed to evaluate the impact of Pin1 in vivo. There were several major findings. First, they confirmed the interaction between Pin1 and eNOS and then found that knockdown (using RNA interference) or pharmacological inhibition (using juglone [5-hydroxyl-1,4-napthoquinone]) of Pin1 increased eNOS Ser 116 phosphorylation, reduced NO production, and decreased endothelium-dependent relaxation to acetylcholine. These findings are consistent with those of Ruan et al 7 that highlight the complexity of eNOS regulation and support the concept that Pin1 affects basal and agonist-induced eNOS activity (Figure) .
Second, Chiasson et al 9 found that systemic treatment of normal mice with juglone for 2 weeks had effects on eNOS activity in aorta that were similar to those seen in analogous culture experiments. Importantly, juglone treatment also caused a progressively developing hypertension. To examine this concept further, blood vessels from mice with genetic deletion of Pin1 were studied. Aorta from Pin1 knockout mice (homozygous knockouts) had increased Ser 116 phosphorylation, reduced NO production, and endothelial dysfunction. Pin1-deficient mice were also hypertensive, exhibiting increases in arterial pressure that were similar in magnitude to those seen after systemic treatment with juglone. Because juglone may exert effects unrelated to Pin1, the observations that genetic knockout of Pin1 and systemic treatment with juglone produced similar effects on aortic function and blood pressure suggest that effects of the pharmacological inhibitor were relatively selective in this model. Overall, these new and complementary findings are consistent with the concept that Pin1 normally promotes eNOS function by enabling Ser 116 dephosphorylation (Figure) .
What are the implications of this study? These latest findings support the larger concept that, while functioning as a key signaling molecule with the vessel wall, activity of eNOS is a major determinant of arterial pressure. Production of NO by eNOS is inversely related to the development of hypertension. Although conclusions related to Pin1 in the vasculature to date have come from work on aorta and cultured endothelium, 7 the finding that Pin1 has significant effects on blood pressure strongly suggests that similar mechanisms may be active in smaller resistance vessels.
Although many previous studies have focused on the interaction between NO and reactive oxygen species, there has been less attention to the role of alterations in eNOS activity, per se, in vascular disease. The present study provides another example of the complexity of eNOS regulation and implies that reductions in activity of Pin1, as a consequence of disease or genetic influences (genetic deficiency or polymorphisms), may have important effects on eNOS activity and blood pressure. Oxidative stress is a common feature of vascular disease 1 that may also affect Pin1 function, because oxidation of Pin1 reduces its activity. 10 Lastly, peptidyl-prolyl isomerases play a key role in the immunosuppressive effects of agents like cyclosporine, tacrolimus, and sirolimus. [11] [12] [13] Elevated blood pressure is a common adverse effect of using such agents for solid-organ transplantation. [11] [12] [13] As our understanding of mechanisms of innate immunity and autoimmune disease increase, the use of these pharmacological agents may increase as well. Thus, understanding mechanisms that underlie hypertension induced by immunosuppressive drugs is clinically relevant. Work in this area also highlights the need for more selective and perhaps cell-specific immunotherapy to achieve clinical goals while avoiding effects on eNOS that may promote vascular dysfunction and hypertension.
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None. Figure. Mechanisms that regulate production of NO by endothelial NO synthase (eNOS). Activity of eNOS depends in part on the phosphorylation status of serine 116 (S116 or Ser116) in the oxidase domain of the molecule (P-S116 indicates phosphorylated S116). Pin1 (a prolyl-peptidyl cis/trans isomerase) recognizes the P-Serine-Proline motif and promotes the removal of the inhibitory phosphate group from P-Ser116 leading to eNOS activation. Once produced, the primary molecular target for NO is soluble guanylate cyclase (sGC), which produces cGMP from GTP. A key target for cGMP is cGMP-dependent protein kinase I (cGKI). Steady-state levels of cGMP are also affected by activity of type 5 phosphodiesterase (PDE5). Major effects of eNOS-and cGMP-mediated signaling are also listed.
